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‘ ABSTRACT 

Report No. T-1097-2 

This report  covers the period 1 July 1963 t o  1 August 1963, under Contract 
NAS 8-5438, which c a l l s  f o r  twelve months of research and development of a 
high temperature thermocouple capable of measuring rocket engine exhaust 

:temperatures i n  the  30OO0C temperature range, under adverse conditions of 
oxidation erosion, vibrat ion,  and shock, 

The primary objectives of the program a re  t o  advance the s t a t e  of the a r t  
of high temperature thermometry, and t o  develop an end product s u i t a b l e  f o r  
i n - f l i g h t  temperature measurements on the SATURN vehicle. 

Preliminary invest igat ions of design parameters l e d  t o  the se l ec t ion  of a 
basic  configuration f o r  the. f i r s t  three prototype gauges t o  be delivered 
under the  contract .  
17 October 1963. 

Shipment of these gauges is now scheduled f o r  

_ -  
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SECTION I 

SUMMARY 

Period Covered 

This repor t  covers the period 1 Ju ly  1963 t o  1 August 1963. 

Statement of Work 

The Contractor s h a l l  advance the s ta te-of- the-ar t  of high tempera- 
t u r e  thermometry and spec i f i ca l ly  improve the technique of accurately 
measuring high temperatures by designing, fabr ica t ing ,  t e s t i n g ,  and 
del iver ing nine (9) thermocouple probes capable of operation i n  t h e  
3000°C temperature range under adverse conditions of erosion, oxida- 
t ions  and high s t r e s s  levels  f o r  useful  periods of time. Also, ' 

present methods of thermocouple probe fabrlication w i l l  be modified 
such t h a t  t he  end product w i l l  be su i t ab le  f o r  i n - f l i gh t  temperature 
measurements on the  SATURN vehicle. 

To accomplish the  above objectives,  the  Contractor s h a l l  consider and 
explore s p e c i f i c  R&D e f fo r t s  as  follows: 

a. Development of the  physical s t ruc tu re  of an immersed probe t o  
a t t a i n  minimum drag and highest  res i s tance  t o  bending and shear  
forces  . 

b. Ascertain the bes t  combination of ingredients i n  the pro tec t ive  
coating of t he  probe t o  extend t h e  term of oxidation resistance. 

c .  Determine the  best  combination of compensated lead  wires f o r  use 
, - * G + h  n*c.. e..-*.-- i m m m l r c i n n  -___. type probes. 

d. Incorporate l a t e s t  state-of-the-art  materials as po t t ing  and 
sealing elements i n  the base of t h e  probe. 

, .  
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1.1 Statement of Work Cont.... 

e, Determine e f f ec t s  of reactions between oxide coatings and 

f .  

tungsten i n  r e l a t i o n  t o  the emf output. 

Establishment of r a t e s  of erosion f o r  d i f f e ren t  types of 
refractory coatings such as tungsten d i s i l i c i d e ,  carbides and 
cermets when subjected t o  high veloci ty ,  high temperature gas 
streams . 

1.2 Progress 

Accomplished during the current report ing period were: 

a.' V i s i t  t o  NASA, Huntsville, on 2 4  July 1963 f o r  conferences with 
Mr. Harlan Burke and M r .  William Borden of M-ASTR-IM, and con- 
Terence wi th  M r .  W. A .  Record of M-P & C-MPA. 

b. During the conferences with M-ASTR-IM personnel, a design approach 
f o r  the f i r s t  three gauges t o  be delivered was selected.  I n  ' 
these gauges, the general design used -in ACL Probes, Type 4734, 
w i l l  be incorporated. 

(1.) 

- Features a re  as follows: 

Imers ion  depth w i l l  be two inches. 

(2.) Diameter a t  t he  grea tes t  cross sec t iona l  measurement of 
the immersed portion of the gauge w i l l  be not l a rge r  than 
t h a t  dimension which w i l l  be accommodated by a 7/16" - 20 
UNF male f i t t i n g ,  

Mounting w i l l  be made by means of a 7/16" - 20 U N F  female 
boss, or screwed connection. 

(3.). 

(4.) Geometry of the  immersed portion of the gauge w i l l  be 
e i t h e r :  tapered rhombus, tapered biconvex, o r  tapered 
cylinder.  
r e s u l t s  of aiialjish z ~ d  test r?f such shapes f o r  t h e i r  re- 
s i s tance  t o  bending, shear,  v ibra t ion ,  and shock, Subsequent 
t e s t s  f o r  response (under both no-flow and flow) may a l so  
influence t h e  f i n a l  se lec t ion .  

The f i n a l  geometry se l ec t ion  w i l l  be based upon 
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' 1.2 Progress Cont . . . . 
c .  Literature search fo r  high temperature e l e c t r i c a l  insu la tors  

has not  thus fa r  yielded a readi ly  avai lable  insu la tor  f o r  use 
a t  temperatures grea te r  than 248OOC. 

d. Resul t s  of an independent ca l ib ra t ion  of a group of ACL Type 
4734 gauges were made available t o  ACL by M-ASTR-IM personnel, 
and w e r e  examined c r i t i c a l l y .  Results of t h i s  examination a r e  
presented i n  Section I11 of t h i s  r e s u l t .  

e. A minimal invest igat ive program, d i rec ted  toward the  p o s s i b i l i t y  
of constructing a gauge incorporating no insu la t ion  i n  the  
immersed portion of the gauge w a s  presented verbally t o  M-ASTR-IN 
personnel. I t -was  decided t h a t  t h i s  approach t o  the  high temper- 
a ture  insu la t ion  problem be pursued,on a modest basis.  
are given i n  Section 111 of t h i s  report .  

Detai ls  

f. Two of the ACL Type 4734 gauges, previous ly  subjected t o  t e s t s  
t o  f a i l u r e  i n  a 1/16 scale  version of a rocket engine exhaust 
by NASA, were forwarded t o  ACL f o r  "post mortern" examination and 

- failure analysis.  Results of t h i s  examination w i l l  be presented 
i n  the  next monthly progress report .  

Requests were made by ACL f o r  the following: g. 

(1.) A p r i n t  of the high-speed cinematography taken during t h e  
t e s t s  mentioned i n  Para. E, above f o r  study and analysis.  

(2.) Approval f o r  acquis i t ion of .a plasma spray gun used on a 
previous program as  GFE. 

(3.)  Approval f o r  acquis i t ion of a gaseous hydrogen regulator  for 
use i n  a high temperature t e s t  setup a t  ACL, e i t h e r  as  GFE, 
i f  avai lable ,  or  by purchase. 

Approval for acquis i t ion of a su i t ab le  op t i ca l  pyrometer 
f o r  use i n  high-temperature tests,  and ca l ibra t ions  a t  Xi,, 

(4.) 

- I .  

.. 
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1.2 Progress.Cont. ... 

Report No. T-1037-2- 

(5.) NASA assis tance i n  obtaining a t r ans l a t ion  of a Russian 
report  e n t i t l e d  "Plast icheski je  Massy", 1963 ,. No. 4, 
pp 37-39, concerning an adhesive designated as  "VK-6". 
Information received a t  ACL indicates  t h a t  these materials 
a r e  useable t o  1000°C, being based on organosil icone res ins  
f i l l e d  with fibrous asbestos. 

(6.) Iden t i f i ca t ion  by s e r i a l  number of the ACL Type 4734 gauges 
t e s t ed  a t  NASA, and a t  Southern Research I n s t i t u t e .  T h i s .  
indent i f ica t ion  is  required t o  enable ACL t o  obtain the  
g rea t e s t  amount of information from analysis of the  r e s u l t s  
of ' the  t e s t s .  

- 4 .  

.. . . -  
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2.0 

2.1 

2.2 

2.3 

2.4 

SECTION 11 

PAST PROGRESS 
i 
:< 
1 
!, General t 

The first report ing period, 1 7  June 1963 t o  1 July  1963, w a s  
covered i n  ACL Progress Report No. T-1097-1, delivered t o  NASA on 
15 Ju ly  1963. 

I 
t L 

i 

Form - 
An analysis was made of a s e t  of hypothetical  flow conditions de- 
l i nea t ing  the  mach regime i n  which the gauges might be required t o  
operate, i f  mounted i n  a high veloci ty ,  high temperature flow f i e l d .  
The mounting and performance 01 a gauge i n  t h i s ,  o r  a s imi la r  f i e l d ,  
as regards response, oxidation, erosion, shock, v ibra t ion  and 
dynamic loading, i s  important t o  the program. 

Coat i n  gs 

Various types of oxidation and erosion . r e s i s t a n t  coatings were 
discussed, with a resu l t ing  conclusion t h a t  the  diffused coatings 
exhibited the  grea te r  advantages i n  t h i s  requirement. 

E lec t r i ca l  Insu la t ion  

Samarium oxide w a s  examined f o r  possible use, but was re jec ted  
because of a low melting point. 

Errata  . 

In  Figure No. 1, of Report T-1097-1, the  s c a l e  for Mach number was 
inadvertently omitted. 
of t h i s  repor t ,  

A corrected Figure 1 is  included a t  the  end 
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SECTION I11 

- 4 ,  

.. 

CURRENT PROGRESS 

3.0 General 

The current  reporting period was devoted pr inc ipa l ly  t o  reso lu t ion  
of d e t a i l s  per t inent  t o  fabr icat ion of the  first s e t  of th ree  
gauges scheduled f o r  delivery on 1 7  October 1963. 
models w i l l  be intended f o r  design proofing tests i n  the  4000°F - 
4500°F temperature range. 

These ea r ly  

Concurrently with the  above, mater ia ls  research was continued and 
preparations were made f o r  preliminary t e s t i n g  of components t o  be 
used i n  the project.  

3.1 Objectives 

3.2 Form 

I n  Report N o .  T-10 7-1 ,  a discussion of f ac to r s  relevant t o  the 
conditions of mounting under which the gauges a re  t o  be used was 
presented. The discussion included an analysis  of the var ia t ions  
i n  Mach number which might be seen by the gauge, were it t o  be used 
i n  a high mass veloci ty  medium. Also discussed were f ac to r s  influenc- 
ing  design approach under no-flow, o r  l oca l ly  turbulent conditions. 

During fu r the r  discussions w i t n  NASA technical  personnel, it 
developed t h a t ,  a t  present,  flow conditions could not be wel l  defined 
u n t i l  a mounting point  i n  the area of ult imate use could be selected.  
Therefore, it was agreed tha t  first group of gauges t o  be delivered 
should incorporate a geometry applicable t o  the  widest possibie  va r i e  i;y 
of useage consis tent  with obtaining t e s t  da ta  within a l imi ted  s e t  of 
ear ly  objectives.  

Page 6 
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3.2 Form Cont . . . . 
0 

t The geometry of the gauges is defined as  follows: 

Immersion depth - approximately 2 inches. 

Mounting - screwed, male, 7/16" -20 UNF. 

acceptable by the 7/16 -20 f i t t i n g .  

Sheath form - tapered cyl indrical .  

Base configuration - similar  t o  ACL Type 4734 gauges, but 
incorporating improvements i n  materials,  design, and potting. 

. a. 

b. 

c .  Sheath diameter - minimum .250 inches, maximum any dimension 
I 

d. 

e .  

l 

The design approach given above i n  Paragraphs 3.2, a. through e. 
a re  discussed i n  more d e t a i l  below. I 

3.2.1 Immersion Depth 

The immersion depth of 2" was chosen for the  following reasons: 

a .  Calibration tests performed by an independent agency (Southern 
Research I n s t i t u t e )  see Figures 1, and 2 ,  revealed a consistency 
of deviation from actual temperature w i t h  immersion depth. 
t e s t s  were l imited t o  1-5/16" because of the dimensions of the 
isothermal cavity used. Extrapolation of the t e s t  data of 
temperature versus immersion depth yields  an immersion depth 
of approximately 2" f o r  s t a b i l i z a t i o n  of the predicted output 
emf curve vs temperature w i t h  a to le rab le  deviation from ac tua l  
temperature a t  the sensing junction of the gauge. 

The two inch immersion seems a reasonable cant i lever  under the 
requirements f o r  shock and vibration. Since f i n i t e  values f o r  
s t rength of the materials i s  not presently avai lable ,  no attempt 
a t  a rigourous a -L----+-*-- LL UL LUL -1 u..-l,-.--. 1-2 - p c i c  cf +he sheath is being made 
a t  th i s - t ime .  
however, and r e s u l t s  are expected t o  be avai lable  before the end 
of t h i s  program. Meanwhile, ACL is  planning vibrat ion and shock 
t e s t s  of prototype gauge assemblies. 

l 

The 

b. 

Others* a re  conducting such a t e s t  program, 
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3.2 . 2 Mounting 

Mounting provisions are current ly  predicated upon avai lable  and 
ex i s t ing  means of inser t ion  f o r  t e s t  and evaluation; i.e., a 
7/16" -20 UNF boss. 

3 . 2.3 Sheath Diameter 

Maximum sheath diameter is presently l imited by the 7/16 -20 
screwed connection. 

3.2.4 Sheath Form 

A tapered cy l indr ica l  form was selected f o r  the first group of 
probes as a su i t ab le  compromise between desired shape f o r  low 
drag a t  high mass veloci ty  flow, because of decreased projected 
area, decrease of mass from base t o  tip f o r  resistance t o  dynamic 
forces ,  vibrat ion and shock, improved response because of decreased 
mass a t  the sensing junction. A p rac t i ca l  consideration a l so  * 

influencing the  se l ec t ion  of t h i s  shape was t h a t  of cost .  The 
tapered rhombus, wedge, and biconvex cross sec t iona l  shapes a l l  would 
be considerably more d i f f i c u l t  t o  produce and would, as a consequence, 
cos t  more per uni t .  It i s  f e l t ,  therefore ,  t h a t  the  overa l l  object ives  
of t he  program would be best  served by conserving funds wherever 
possible,  while performing investigations and co l lec t ing  the  l a r g e s t  
p rac t i ca l  amount of t e s t  data f o r  analysis.  

3.2.5 Base Configuration 

The ACL Type 4734 gauges incorporated a base configuration which 
was shown by t e s t ' t o  be unsuitable f o r  the following reasons: 

a. The temperatures reached a t  the ''cold" end of t he  sheath were 
considerably above those anticipated.  

( se r ies  304 s t a i n l e s s  s t e e l )  was ra i sed  t o  temperatures higher 
than des i rab le ,  even du r ing ' r e l a t ive ly  sho r t  runs, despi te  t he  
presence of a la rge  hea t . s ink  i n  the  s t e e l  def lect ion sh ie ld .  

Because of the high 
temperature r i s e  i n  rhe sheath 01 t h e  gauge, AL- bl lG L n A * *  uuuy mn+q1 *'ILLLA* 

* 
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3.2.5 

3 . 3  

3.3.1 

Base Configuration Cont.. .. 
b. The r i s e  i n  temperature i n  the body caused the  pot t ing  

material  (Sauereisen No. 25) t o  swell  and, i n  some cases,  run 
and extrude through openings. 

I n  one instance,  a gauge sheath was observed t o  have been 
broken a t  i t s  juncture with the def lect ion sh ie ld  a f t e r  a run 
under high temperature and high mass veloci ty .  The exact 
mechanics of f a i l u r e  are not ye t  known. It is  suspected t h a t  
vibratory contact of the tungsten sheath against  the  base, 
across a void created by loss of the  Sauereisen may have been 
contributory,  .because of loss of damping. 

c. 

e 

Prototype Design 

The design fea tures  of the  prototype gauge sheath, and forming 
mandrel are shown i n  Figure 3 ,  ACL Drawing Number SK473S-03. 
block of Drawing Numbers 47XX-XX has Seen assigned t o  t h i s  
i n  order t o  properly ident i fy  a l l  gauges, conponents, piece p a r t s ;  
e t c .  
and may be subject  t o  modification p r i o r  t o  fabr ica t ion .  

The 
pro jec t  

It is emphasized tha t  t he  fea tures  described a re  ''first look" 

Sheath Formation 

The sheath and junction of the  ACL Type 4735 gauge is formed by a 
vapor deposit ion process. This work i s  performed under a process 
developed by San Fernando Laboratories, Inc. ,  Pocoima, California.  
The sheath assemblies are  made i n  accordance w i t h  drawings provided 
by ACL. 

Steps i n  the  fabr ica t ion  are as follows: 

a. A mild s t e e l  mandrel i s  machined t o  the  i n t e r i o r  configuration 
desired,  with allowance made f o r  the e l e c t r i c a l  i n su la to r ,  
differences i n  expansion coekkicienrs, erc .  

The mandrel is provided with a s t e e l  mounting base f o r  securing b. 
. t o  the  forming apparatus. 

Page 9 
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3 . 3  .l Sheath Formation Cont.. . , 
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c .  A piece of Tungsten - 26% Rhenium 01-26 Re) w i r e  of the 
desired diameter, and length, i s  introduced through a hole 
i n  the  t i p  of the  mandrel, and is  secured with a s e t  screw 
i n  the  mandrel holder. 
s e t  t o  t he  required distance outside the  mandrel t i p .  
important t h a t  the Tungsten-Rhenium a l loy  w i r e  does not extend 
through the  Tungsten, such t h a t  it is exposed a f t e r  fabr ica t ion ,  
t o  avoid t h e  formation of an eu tec t ic  during the  oxidation 
r e s i s t a n t  coating process. 

The protrusion of the W-26Re wire is 
It is 

d. The mandrel assembly i s  located i n  a closed furnace, and is 
heated e l e c t r i c a l l y  t o  a predetermined temperature. A control led 
f l o w  of Tungsten Hexafluoride (WF6) is introduced i n t o  the 
furnace and the  Tungsten i s  deposited on the  mandrel t o  the  
required thickness. I n  the  process, the  Tungsten conforms 
precisely with the  form of the mandrel. 

e. The junction between the Tungsten sheath and the  Tungsten - 
26% Rhenium a l loy  w i r e  is formed simultaneously with the  sheath 

- formation described i n  d..above. 

f ,  The mandrel may be removed from the deposited assembly by 
e i t h e r  withdrawing the mandrel a f t e r  heating, o r ,  i f  the shape 
of the mandrel precludes withdrawal , by etching the  mandrel out 
with Hydrochloric acid (HC1)which does not a t tack  e i t h e r  t h e  
Tungsten or t he  Tungsten-Rhenium. 
accomplished by grinding. 
driven, high speed s l o t t i n g  d isc ,  ‘surfaced with diamond o r  
carbide p a r t i c l e s .  

Minor surface f in i sh ing  is  
Trimming i s  performed with an a i r -  

3.3.2 Base Fabrication 

It is contemplated t h a t  the. base of. the  gauge w i l l  be comprised 
. of the  following elements : 

a, Shel l  

The shell w i l l  be formed by maching s t a i n l e s s  steel: t o  the 
desired configuration. Because of d i f f i c u l t i e s  encountered 
i n  previous high temperature t e s t s ,  it w a s  evident t h a t  t he  

page 1 0  
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3.3.2 Base Fabrication Cont.... 

a, Shel l  Cont.... 

base must be protected from the high temperatures created by 
conduction. Therefore, it is  intended t o  employ capacitor 
grade tantalum i n  the portion of the gauge immediately i n  
contact with the  sheath. The tantalum, i n  turn,  would be 
protected with an intumescent coating such a s  Dynatherm D-65*, 
which pro tec ts  against  both oxidation and high velocity.  
Design of the  base of t h e  gauge is proceding. 
be included i n  the next‘report .  ’ 

Drawings w i l l  

3 . 3  .3  Base Insulat ion 

Since base temperatures, although r e l a t i v e l y  high, a r e  l e s s  than 
. those t o  be seen a t  the t i p  of the gauge, an e l e c t r i c a l  i n su la to r  
with the c a p a b i l i t y  of remaining an e l e c t r i c a l  insulator a t  
temperatures l e s s  than the maximum temperature a t  the t i p ,  can be 
employed. 
(Ma) . 

A su i t ab le  insulator  f o r  t h i s  purpose is Magnesium Oxide 
This mater ia l  offers  the  following cha rac t e r i s t i c s  :** 

Melting Point  * -  4800 - 5070°F 

Coef. Thermal Exp. 2200°F - Approximately 7.7 x 10’6/OF 

Density - 2.5 - 2 . 6  gm/cc 

Res i s t iv i ty  - o w c m  @ 2 5 O O O F  - 10.5 x l o 3  
Thermal Shock Res. - Fair 

Hardness - 5 Mohs sca le  

It  is  planned t o  use t h i s  material  i n  t he  f i n e l y  divided form, and 
eoiqazt it mechanically t o  a t t a i n  s u f f i c i e n t  r i g i d i t y  t o  prevent 
creat ion of voids i n  t h e  base cavity.  
powder form may also provide i n t e r n a l  damping i n  an attempt t o  avoid 
v ibra t ion  damage. 

Use of the mater ia i  in the  

Page 11 
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3.3.1, Lead Wires 

I n  the ACL Type 4734 gauges , Minneapolis-Honeywell compensated 
lead  wire was used, pr incipal ly  because of its a v a i l a b i l i t y  i n  
meeting delivery schedules. 

Several  other types of compensated lead w i r e  have s ince  become 
avai lable  from sources as follows : 

Thermoelectric, Saddlebrook, N. J. 
Tu t t l e  IS K i f  f t , Chicago, I l l i n o i s  
Hoskins Manufacturing Company, Chicago, I l l i n o i s  
Harco Laboratories, New Haven, Connecticut 

Samples of these materials have been ordered f o r  evaluation, 
They w i l l  b e ' t e s t e d  for t h e i r  cha rac t e r i s t i c s ,  and the  bes t  type 
w i l l  be used i n  the  ACL gauges. 

Previously, the  Tungsten-Rhenium lead  wire was d i r ec t ly  brought 
out t o  a t r ans i t i on .  
lead w i r e  t o  the  Tungsten sheath was made by brazing, 
presently planned t o  j o i E  an extension of Tungsten t o  the  Tungsten 
sheath by vapor deposition of pure Tungsten. 
t o  enclose the selected compensated lead wires i n  a swaged s t a i n l e s s  
s t e e l  assembly, insuiazed with MgO. 
w i l l  be four  f e e t ,  unless ACL is advised by NASA t h a t  some other 
length would be more desirable.  

Attachment of the Tungsten compensated 
I t  is 

It is fu r the r  planned 

The length of the lead  wires 

I n  searching f o r  e l e c t r i c a l  insu la t ion  adequate f o r  use a t  elevated 
temperatures i t  has been found t h a t  ord inar i ly  avai lable  l i t e r a t w e  
contains l i t t l e  or no information regarding e l e c t r i c a l  cha rac t e r i s t i c s  
a t  temperatures above approximately 1600°C (2912OF) , 
been establ ished with Hughes Aircraf t  Company, Documentation Researcn 
Section, Culver City,  California,  which is engaged i n  Electro- 
Physical Propert ies  of Matter research under d 2overfiient ecntract. 
A similar 'contact has been establ ished with Purdue University, 
Thermophysical Propert ies  Research Center. ,Results of inqui r ies  t o  
these organizations w i l l  be included i n  subsequent reports .  

Contact has 
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3 . 3  .s 

Report No. T-1097-2 

High Temperature Insulators  Cont.... 

I n  p a r a l l e l  with the  l i t e r a t u r e  searches mentioned above, ACL 
has compiled empirical data,  as w e l l  as comparisons of ex i s t ing  
published data  concerning high temperature insu la tors .  
son of values i s  tabulated below. 

A compari- 

TABLE I 

OXIDE INSULATORS, PROPERTIES 

Be0 A1203 zrO2 M@ T h o 2  
Prop e r  t y  Beryl l ia  Alumina Zirconia Magnesia Thoria 

Melting Point O F  4650 3700 
Hardness (Mohs) ' 9  9 
Density d c c  3 .O 3.97 
Thermal Conductivity 
(caysec OC-cm2/cm 

100°C ,525 .072 
60C°C .112 -022 

1000 "e .049 .015 

Thermal Shock Res, Excellent Good 

E l e c t r i c a l  Res i s t iv i ty  

ohm/cm 100°C - 1 1015 
6OO0C - 2 x 1010 

1000 "c 8 1 0 1 2  2 107 
120oOc 3 x 1012 2 105 
1 6 0 0 ~ ~  2 x 1010 - 
220oOc 

4830 
6.5 
6.1 . 

-005 
.005 
.006 

Fa i r  

1 x 106 

1 x 1 0 2  
8 x l o 3  

- - 

5070 5970 
6 6 . 5  
3 . 6  9.7 

.086 .025 

.028 -010 

.017 ,007 

F a i r  F a i r  

- becomes conductor 
exp. upper* 
l i m i t  

245OoC exp. upper l i m i t *  

* Exact value not known 

An examination of Table I shows t h a t  Alumina is  eliminated because 
of i ts  low melting poin t ,  Thoria because of i t s  poor thermal shock 
cha rac t e r i s t i c  and low r e s i s t i v i t y ,  Zirconia because of i ts  l o w  
r e s i s t i v i t y .  . 
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3 . 3 . 5  High Temperature Insulators  Cont .... 

O f  the  two materials remaining, Beryl l ia  is c l e a r l y  the b e t t e r ,  
because of i t s  cha rac t e r i s t i c  of remaining an e l e c t r i c a l  insula-  
t o r  t o  a higher temperature.than.Magesia, even though the  
Magnesia has a higher melting point.  

Another family ,of materials exhibi t ing high melting points ,  but  
concerning which l i t t l e  information is avai lable  e l e c t r i c a l l y ,  
is the  Zirconates. Table 11, below, lists those with high 
temperature charac te r i s t ics  i n  the range of i n t e r e s t .  

TABLE I1 

ZIRCONATES* 

Material 

BamZr02 
3Be 2Zr02 
Ca Zr02 
M g O  - 21-02 
SrO Zr02 
Tho2 - 21-02 
21-02 - Si02 

Melting Point OC 

2700 
2535 
2345 
2120 
2700 
2800 
2420 

Although it is obvious from Table I t h a t  Zirconium Oxide, which 
is common t o  a l l  these compounds, is unsuitable as an insu la tor  
i n  its pure form, the  degree t o  which the  combination of conpounds 
a f f ec t s  t h e i r  e l e c t r i c a l  charac te r i s t ics  i s  not known. The basic  
measurement of r e s i s t i v i t y  over a wide tempernture range i s  beyond 
the  monetary scope of t h i s  project .  However, it is f e l t  a l imited 
invest igat ion should be performed t o  determine whether there  may. 
be grounds f o r  fu ture  work on these materials.  
examined for possible use as protect ive materials 

They w i l l  also be 
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Protective coatings,  as  applicable t o  t h i s  program, a re  c l a s s i -  
f i e d  i n  two groups, oxidation r e s i s t a n t ,  and erosion r e s i s t a n t .  
Many such coatings have been developed over the  pas t  severa l  
years, and a great  amount of data  concerning t h e i r  cha rac t e r i s t i c s  
has been accumulated. 
l imited a t  temperatures above 3000OF. The secondary effects of 
the  coatings upon the substrate  is a l so  an area i n  which l i t t l e  
information is  thus far available.  The general thermal pro tec t ive  
mechanisms upon which the coatings a re  based may be described as 
follows : 

Unfortunately, these data  a re  extremely 

3 . 3 . 6 . 1  Ablation 0 

The most common types of ablative coafings employ polymeric binders 
which undergo thermal decomposition t o  produce a firm porous carbon 
char,  as wel l  as gaseous by-products. The process i s  endothermic 
(heat absorbing), ‘thus protect ing the  subs t ra te  against  heat.  
effectiveness of the  process i s  measured by the amount of heat  
absorbed per un i t  weight of protect ive material  used. 
var ies ,  not only with the  thermal conductivity of the  mater ia l  and 
the temperature, but a l so  with other more sub t l e  mechanisms working 
simultaneously. 

The 

This property 

3 . 3 . 6 . 2  Sublimation 

As is seen i n  the  def in i t ion  of t h i s  l a t e n t  process, subliming 
materials ne i ther  melt nor decompose, but endure a change of s t a t e  
d i r ec t ly  from the s o l i d  t o  the gaseous form. Large quant i t ies  of 
heat  a re  thus absorbed u n t i l  the  subliming material  is used up, 
a t  which time the  protective mechanism ceases. Thus, i f  the heat  
of sublimation, the  temperature and the quantity of the  mater ia l ,  
a r e  known, the  length of time f o r  protect ion can be predicted. 

‘ 3 . 3 . 6 . 3  Decomposition and Dehydration 

When inorganic compounds decompose, appreciable amounts of hea t  
are absorbed. Hydrated s a l t s  require  l a rge  amounts of hea t  as the  

Page 15 



Report No. T-1097-2 

3.3.6.3 Decomposition and Dehydration Cont. ... 
water molecules a re  forced o u t  of the  s a l t s  by the  heat  of 
hydration. 
absorber as it changes from the  l i q u i d  t o  the  vapor s t a t e  by the  
l a t e n t  heat  of vaporization. 

Water i t s e l f  i s  an outstanding example of a heat  

3.3.6.4 Ins u la  t ion 

The e f f i c i e n t  insu la tor  protects  from the e f f e c t s  of temperature 
by the introduction of a high thermal res is tance (low thermal 
conductivity) between t h e  substrate  and the high temperature 
environment. Even the best  avai lable  insu la tor ,  however, can not 
pro tec t  the subs t ra te  fo reve r  because of a f i n i t e  thermal capacity 
i n  the substrate .  
subs t ra te  i s  capable of re leasing the  heat it has taken up by 
radiat ion,  conduction, or convection, a t  a r a t e  consis tant  with an 
acceptable temperature rise. 

An exception might be i n  the case where the 

3.3.6.5 Intumescence 

Intumescence occurs when L protect ive material  swells and foams, 
upon exposure t o  high temperature, thus producing a small ce l led  
mass, whose coef f ic ien t  of the-rmal conductivity is small. Addition- 
a l l y ,  the  exposed surface chars t o  afford erosion resis tance.  These 
materials have measured charac te r i s t ics  as  follows: 

TABLE I11 

INTUMESCENT COATINGS 

** 20 00 OF LOX - 
Kerosene 

350°F - 630OOF ' Not Known 

*2000°F - 3000°F LOX- 
Kerosene 

*Saturn SA3 Test 
**Atlas-Mercury T e s t  . 

4 .  

.. 

Coating 
Thickness 

,250 inch 

.125 inch 

.300 inch 

Approx. 
.020 inch 
:090 - 
.125 inch 

Heat Flux - T i m e  

Not Known 30 min. 

Not Known 

1400 10  min. 
B t u / f  t 2/s ec 
Not Known 60 sec. 

150 sec. 
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The family of intumescent materials nay incorporate severa l  of 
the protective mechanisms described previously. Materials such 

. as  phenolics, e s t e r  r e s ins ,  phenol-form, aldehydes, polyesters,  
s i l i cones ,  and urethanes, may be used. 

I n  addition t o  t h e i r  flame r e s i s t a n t  cha rac t e r i s t i c s  , these 
materials may a l so  be compounded t o  r e s i s t  the  deleter ious e f f ec t s  
of various oxiders, such as N204, LOX, IRFNA and fue l s  such as 
Kerosene, UDMH, H 2 -  

They a re  an in t e re s t ing  family of materials,  and it is  f e l t  t h a t  
a ra ther  hard look should be taken a t  them f o r  a possible appli-  
cat ion i n  t h i s  project .  

The ACL Type 4734 gaugcs, produced under NASA Contract NAS 8-4548, 
were provided with a difrused 2-roeective coating on the  sheath. 
The materials i n  the  coating were of two general groups: Dis i l ic ides ,  
applied with a hot 2ack process ($:Durak-B, Durak MG) and Si l icones,  
applied by vapor deposition. 

A l a rge  body of da ta ,  involving several  thoustlnds of hours of t e s t ,  
i s  available from Pratt and Whitney, Ling-Temco-Vought, Avco, and 
others ,  regarding the d i s i l i c i d e s  of blolybdenwn and Tungsten, but 
only t o  temperatures i n  the order of 30OO0F, i n  oxidizing media. 

Early t e s t s  performed a t  NASA, Huntsvil le,  on a few of the  Type 4734. 
gauges, were productive, i n  t h a t  the gauges operated successfully 
for shor t  periods of time. Two of t he  gauges, thus t e s t ed ,  were 
transmitted t o  ACL on 25 July 1963,  and a re  being examined current ly .  
Results of t h i s  analysis  w i l l  be presented i n  a fu ture  report .  I n  
general, it can be s a i d ,  on the basis  of a first look, t h a t  the  
proisectfv~ coatings he16 22 q1-Tii-e well.  

To a id  i n  the  analysis of t h i s  c r i t i c a l  phase of the  pro jec t ,  it 
.is requested t h a t  a p r i n t  of the high speed color f i l m s ,  taken during 
the  t e s t s ,  be made available t o  ACL a t  the e a r l i e s t  possible time. 
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3.3.7 

3 . 4  

3.4.1 

3.4.2 

Diffused Protective Coatings Cont .... 
Tests previously performed a t  ACL, i n  a highly oxidizing medium 
a t  temperatures from ambient t o  approximately 4000°F revealed 
t h a t  the d i s i l i c i d e  coating protected the  gauges f o r  a t o t a l  of 
1 9  minutes, during six cycles, and f o r  2 minutes a t  near 6000°F 
i n  a reducing medium f o r  one cycle. 

Test Program 

Oxidation Resistance 

Presently i n  fabr icat ion aye s i x  tungsten t e s t  thimbles for use 
i n  a s e r i e s  of oxidation resis tance tes ts . .  These pa r t s  a r e  formed 
by vapor deposition, and w i l l  be e s sen t i a l ly  iden t i ca l  i n  composi- 
t i o n  t o  the  ACL Type 4735 prototype gauges. 
a r t i c l e s  w i l l  be .2SO nominal 0.3. by 3.0 inches i n  length.  
thickness w i l l  range from .010 inches t o  ,060 inches. The high 
temperature duct for t h i s  se r ies  of t e s t s  i s  shown i n  Figure 4. 

Dimensions of the tes t  
Wall 

No Insulat ion Test 

During a previous hizh temperature instrumentation program conducted 
by ACL, a Tungsten vs  Tu11gsten-26% Rheniuii thermocouple was used 
t o  measure temperatures i n  the  order of 5000°F i n  an induction 
furnace. 
output curve for the  couple ,  and measurements taken with op t i ca l  
pyrometry (corrected f o r  emissivity).  
vacuum t o  reducing. 

Good correlat ion was obtained between the predicted 

The atmosphere ranged from 

I n  t h i s  setup,  t he  thermocouple was s t re tched  across the  high 
temperature area,  with the  junction located i n  the  *'hotrr zone. The 
w i r e s  were 180° apart .  No insulat ion, '  other than ceramic feed- 
throughs i n  the  r e l a t ive ly  cool walls of the furnace, was used. 

I n  the  current  invest igat ion,  it is desired t o  es tab l i sh  the  re la -  
t ionship between emf output of a thermocouple and angularity between 
the  wires i n  the  pa i r .  I t  is  therefore  planned t o  conduct t h i s  t e s t  
with i ron  vs constantan pa i rs ,  t o  es tab l i sh  whether there  is some 
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3.4.2 No Insulation Test Cont .... 
minimum angle beyond which accuracy is  outside to le rab le  l i m i t s .  
Control of t e s t  parameters, with iron-constantan, w i l l  be more 
p rac t i ca l  a t  lower temperatures, as wel l  as cos t .  

I n  common prac t ice ,  a thermocouple i s  fabr ica ted  with a junction 
between two wires, an e l e c t r i c a l  insu la tor  between the  wires and 
a supporting sheath. The t i p  is not insulated,  but has a f i n i t e  
spacing between the wires. 
t o  minimize current  flow between wires and preclude averaging of 
output. Otherwise, t he  temperature infer red  from the emf output 
of the couple wculd be the average temperature r a the r  than the 
temperature a t  t he  junction. However, any losses  i n  accuracy due 
t o  the  spacing aL the  t i p ,  i f  present,  a r e  not appreciable enough 
t o  cause a deviation i n  output beyond ordinary l i m i t s  of tolerance. 

The e l e c t r i c a l  insu la t ion  i s  provided 

It is planned, therefore ,  -20 s e t  iig t h e  t e s t  t o  run a t  careful ly  
controlled temperatures, with an&ari t ies  from 1SO" t o  some 
lower l i m i t  deterninci  by t es t .  kt the  same t i m e ,  the temperature 
a t  the junction of the yest  themocouple w i l l  be monitored with a 
ca l ibra ted  standard probe. 

Should t h i s  ap2roach show n e r i t ,  
temperature l i m i t s  increased, with the end objective of f ab r i ca t ing  
a gauge incorporating no e l e c t r i c a l  insu la t ion  within the  sheath. 
Results of these investigations w i l l  be presented i n  future  reports .  

t he  t e s t s  would be repeated with 

3.4.3 Other Refractory Sheaths 

Although l imited success has been experienced with Tungsten as a 
sheath material  f o r  the ACL Type 4734 gauges, invest igat ions i n t o  
other re f rac tory  materials has continued. 
recent invest igat ions a re  as follows: 

Results of t he  most 

3.4.3.1 Tungs ten-Rhenium Alloys , 

Tungsten-Rhenium al loys had been considered f o r  use as an outer 
sheath because of t h e i r  greater d u c t i l i t y ,  as compared t o  pure 
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Tungsten. Others* had reported success w i t h  t h i s  technique, as  a 
means of f ab r i ca t ing  high temgerature thermocouples. 
an attempt was made t o  apply a protect ive d i s i l i c i d e  coating, an 

, eu tec t i c  formed. Therefore, s ince protect ion is  required and 
a l t e rna te  types of su i t ab le  protect ive coatings are not present ly  
avai lable ,  t h i s  type of material has been a t  l e a s t  temporarily shelved. 

Kowever, when 

3 . 4 . 3 . 2  Tantalum w/BeO I n s u l a t o r  

Tantalum has been widely used as sheathing because of i t s  excel lent  
formabili ty and high melting p o i n t .  I t  had been considered for 
such use i n  high temperature thermocouples, u n t i l  it was reported** 
t h a t  a deTinite reaction with Be0, a f t e r  long term exposure a t  
16OO0F, wi l s  observed. When it is  considered t h a t  t he  speed of 
reaction increases almost exponentially a t  the  higher temperatures, 
t h i s  cornbination of materials was dropped. 

3 - 4 . 3 . 3  Filarrent Wound-Tungsten Tubing 

Presently under development*** is  a Tiew type  of s r ruc ture  f o r  
Tungsten tubing, i n  which Tungsten l i l a a e a t  approximately .002 inch 
diameter is angle-wound zrcund a m a d r e 1  OP the desired i .d . ,  and 
is l a i d  up i n  layers t c  tke des i i ed  wall thickness. 
is then placeci i n  a i q o s i t i o n  furnace, and pure Tungsten is 
deposited t o  f i l l  the  vo ids  betwem filaments.  The end r e s u l t  is 
a Tungsten tube whose t ens i l e  s t rength nay approach t h a t  of the  
f i k m e n t  (300,000 p s i ) .  At present ,  such tubes a re  a laboratory 
curio$i ty ,  Results of tests on t h i s  mater ia l  w i l l  be included i n  
subsequent repor t s .  0 

This assembly 

3 . 4 . 3 . Q  High Melting Point Materials 

A general survey of high melting point  mater ia ls ,  trom 3080°F t o  
680OoF has'been made, and i s  presented i n  Table No. I V .  
has been compiled as  a quick reference a i d  f o r  fu ture  research. 

This t ab le  
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TABLE I V  

EIGH MELTING-POINT MATERIALS* 

Materials Melting Point,  "F Mat e r i a 1 s Melting Point,  "F 

Niobium carbide (NbC) 

Graphite (C) 

Zirconium carbide (ZrC) 

Tungsten (W) 

Titanium n i t r i d e  (TiN) 

Barium phosphide (Ba3P2) 

Titanium carbide (Tic)  

Tantalum (Ta) 

Zirconium n i t r i d e  (ZrN) , 

Vanadium carbide (VC) 

Strontium zirconate 
(SrO - Z r 0 2 )  

Magnesium oxide (MgO) 

Zirconium oxide (Zr02) 

Molybdenum (Mo) 

Barium zirconate (BaO oZr02) 

Cerium oxide (Ce02) 

Calcium oxide (CaO) 

6SOO Molybdenum carbide (MozC) 

6700 Zircon (ZrSiO4) 

6400 Beryllium oxide (BeO) 

6098 Cerium sulphide (CeS) 

5800 Strontium oxide (SrO) 

5790 

5700 Yt Lrium oxide (Y2O3) 

5 440 Kiobi-m (Eb) 

5 1 k O O  Columbium (Cb) 

5090 Vanadium n i t r i d e  (VN) 

S i l i c o n  oxide (SiO) 

Calcium zirconate (Ca-ZrO2) 

Chromium oxide (Cr203) 
5070 

5070 

4650 

4622 

4568 

4440 

4406 , 

4406 

4380 

4380 

4370 

4280 

4230 

4127 

c 

Zirconium s i l i c i d e s  
(Zr3Si2 ,  Zr4Si3, ZrgSi5) 4010-4080 4900 

4760 Aluminum n i t r i d e  (AlN) 4G60 
- . - I .  47 48 b l l i c u i i  ciirtufd~ (Sic) lcClnCl - 

4712 Barium sulphide (BaS) 400 0 

4660 Beryllium n i t r i d e  (Be$$ 4000 1 

- - - -. -. 
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TABLE N Cont.... 

f 
1 

! t 
oxide (Ee0-Al203) 3 L:-7 0 1 

Materials Melting Point,  O F  Ma'serials Melting Point ,  O F  

Barium n i t r i d e  (Ba3N2) 3990 Barium oxide(Ba0) 3490 
_- -- ____ 

-. 

Chromium aluminide (CrA1)  3920 Beryllium oxide-aluminum i 

I. 
1 
i Si l icon  n i t r i d e  (Si3N4) 3452 Molybdenum aluminide (Mo3A1) 3 900 

Spinel (MgA120$ 3874 

Titanium dioxide (TiOZ) 3866 

Calcium s i l i c a t e  (2Ca0=Si02) 38G6 

Titanium s i l i c i d e  (Ti5Si3)  3848 

Beryllium carbide (BeZC) 3812 

Aluminum oxide (A1203) 3722 

' Kiobium n i t r i d e  (NbN) 3722 

.Molybdenum dis i l i 'c ide (MoSi2) 3GS6 

Nickel oxide-aluminum oxide 
(Si0 -Al2o3)  3668 

Beryllium s i l i c a t e  3630 
(2Be0 - S i o  2) 

Barium oxide-aluminum oxide 
(BaO -A1203) 3630 

Magnesium sulphide- 
strontium sulphide (MgS, Srs) 3600 
Nickel oxide (NiO) 3560 

Niobium d i s i l i c i d e  (h?bSi2) 3542 

-- - 

Chromium carbide (Cr3C2) 3 440 

Chrorniurn ( C r )  

Z i r c o n i m  (Zr> 
3430 

3350 

Molybdenum beryl l ide (MoBe2) 3344 

Mullite (3A1203 - 2Si02) 3290 

T!;rconium bery l l ide  (ZrBeg) 3180 

Viinadium (V) 3150 

Slilicon dioxide (SiCZ) 3110 

Zirconium d i s i l i c i d e  (ZrSi2)  3092 

Vanadium d i s i l i c i d e  

Molybdenum aluminide (MoAl) 3090 
(VSi2) 3 020- 318 0 

Titanium (Ti) 3074 

Page 22 

"Pa r t i a l ly  taken from: Missile Design & Development, Apri l  1958 

4 1 .  
I 



. .  Report No. T-1097-2 

3.b.4 Calibration vs Immersion Depth 

I n  an evaluation program* conducted by an independent research 
i n s t i t u t e ,  severa l  of the ACL Type 4734 gauges were subjected t o  
high temperature cal ibrat ions.  
numbers a r e  not  known. However, i t  is  assumed the  published 
r e s u l t s  a r e  t y p i c a l  of these gauges. I n  examing the measured 
output curves,  (See Figures 1 and 2) it is apparent they are i n  f a i r  
agreement with ca l ib ra t ion  curves supplied by ACL, wi thin the  temp- 
e ra tu re  range covered. 

The number t e s t e d  and t h e i r  serial 

The curves of output vs inimersion depth a r e  of p a r t i c u l a r  i n t e r e s t ,  
i n  t h a t  the influence of immersion depth on deviat ion from previously 
calculated and measured value is apparent, for 2000"F, 3000"F, and 
4000°F. 
the  predicted curve vs inimersion depth. Although f o u r  iiniersion 
depths were examined, onLy three a re  of p r a c t i c a l  use because of the  
d i f f i c u l t y  i n  reading f i n i t e  en2 values f o r  the  9/16" and 1/2" 
imnersions. 
1/4", 1/2" and 1-5/16" immersions. 
exact immersion depth where there i s  minimum deviation does not 
seem f e a s i b l e ,  because of the unceytaini ty-of  pred ic t ing  the  rate 
a t  which the deviat ion s lope  chsnges. 

These were p l o t t e d  (See Figure 5) as mean deviat ion fronf 

A curve can be d r a m  with only the  three 2oin ts  f o r  
However, extrapolat ion t o  an 

I t  car, be shown, however, t h a t  i n  accordance with f irst  l a w  
pr inc ip les  , t h e  curve becomes asymptotic with increase of immersion 
depth, probably approaching 1 mv. mean deviat ion a t  about 2" 
immersion. The paral le l ism of the  curves ind ica tes  t h a t  an output 
curve very c lose  t o  the predicted curve can be obtained with an 
optimum immersion depth. 

I t  is  planned t o  inves t iga te  t h i s  area more thoroughly i n  the  
second four  month phase of t h i s  program. 
i n  fu tu re  repor t s .  

Results w i l l  be included 
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SECTIOhT IV 

PROGRAN FOR NEXT .INT.ERVAL 

4.0 Objectives f o r  t he  i n t e r v a l  1 A u g u s t  1963 t o  1 September 1963 w i l l  
include the.  following: 

. 

. a. Continue l i t e r a t u r e  search f o r  high temperature in su la to r s ,  and 
other  mater ia ls .  

b. Continue invest igat ions i n t o  t h e  "no-insulation" approach. 

c .  Perform "post ~;1oTCei.i'' examifiation and a n a l y s i s  of the  two ACL 
Type 4734 gaugps ;?reviocsly t e s t ed  a t  NASA, 2 - m t s v i l l e ,  i n  a 
1/16 scale rocket engine - 

d.  Se t  up high temperature test  duct and s t a r t  oxidation rate tests 
on Tungsten t e s t  samples. 

e. Continue development of base and mounting configuration f o r  
. first s e t  of t h ree  gauges due for del ivery 1 7  October 1963. 

f, Continue preparations f o r  shock and v ibra t ion  t e s t s  of t h e  
prototype gauges. 

g. Continue analysis  of the inimcrsed port ion of t h e  gauge with t h e  
object ive of developing a l t e r n a t e  configurations €or use, i f  
t e s t  r e s u l t s  of t he  prototypes a r e  negative, or i f  other  mount- 
i n g  provisions become avai lable .  

Continue inves t iga t ions  of compensated lead  wires. h. 

1 
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SECTION V 

STATEMENT OF MAN HOURS 

Hours By Category 

The expenditure of man-’noups during the  reporting period, and a 
recapi tu la t ion  i s  presented i n  tabular  form below: 

Category 

Engineering 
Cler ica l  
Fabric u t i  on 
Condulting 
Drafting 

Previous 
P e r i o d  

62.5 
4.0 

0 
0 
0 

Current 
Pe r iod  

101.0 
6 . 5  

24.0 
0 

2 .o 

To 
Date - 
163.5 
10.5 
14.0 

0 
2.0 

Pa,ge 25 



.- .. 

. .  

.ep 

I 

I .  

. .  
0 

i 



e3 
0 
0 
v) 

._ . . -  
L . . I .  ' . 

.. .- . . . I .  . - 

0 
0 
0 
r( 

0 

. 
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